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Investigations of several BEDT-TTF and DIMET radical salts are presented. Measurements on 
B-(BEDT-TTF)2IAuI crystals show that their conducting and superconducting properties might vary 
strongly depending on the decomposition of(IAuI) anions during the electrochemical process. 
1. INTRODUCTION 
BEDT-TTF § is  at th i s  time the promising donor 
to prepare new highly conducting organic metals 
or even superconductors. In the future unsym- 
metr ica l  subst i tuted donors of the TTF-family 
might become of s imi la r  in te res t .  We report  here 
the preparat ion and physical  invest igat ions  on 
rad ica l  cat ion sa l ts  of BEOT-TTF as wel l  as on 
an unsymmetrical BEDT-TTF der ivat ive  DIMET §§. 
2. RESULTS AND DISCUSSION 
2.1. 6- (BEDT-TTF) 2IAuI 
Since the discovery of superconduct iv i ty  in 
the organic metal 6-(BEDT-TTF)~I 3 ( I)  at a~bient 
1-3 pressure effort has been made in different 
4-9 laboratories zn the preparation of other tri- 
halide salts of BEDT-TTF. Besides the crystals 
of 1 the isostructural 6-(BEDT-TTF)zIAuI (2) 6,8'9 
is of substantial interest because of the high 
T ~4K for the superconducting transition at am- 
c 
blent pressure without any special pressure cycle 
as for the ambient pressure T~ 8K superconduc- 
ting state for crystals of 1 lu. Nevertheless, in 
contrast to electrocrystallization of 1 in the 
case of 2 exists a problem due to the fact 
that during the electrochemical process the 
anion (IAul)- is decomposed. This can be deduced 
from the gold deposition on both platinum elec- 
trodes whereby the thickness of the gold layer 
depends strongly on the time of the electrocry- 
stallization process. Therefore it has to be as- 
sumed that during the electrochemical crystalli- 
zation also "impurities" like iodide, iodine and 
I~ anions are present and that their concentra- 
tion increases with time. These "impurities" can 
partly replace (IAuI)-anions in the lattice. Th~ 
has the consequence that depending on their con- 
centrations in different crystals the following 
observations are made: a) The onset temperature 
for superconductivity varies over a broad tempe- 
rature range (3-5K); b) the superconducting tra~ 
sition might become very broad or in the worst 
case is even suppressed; c) the critical currents 
and magnetic fields vary strongly; d) quite dif- 
ferent ratios between the room temperature value 
of the resistivity and the low temperature (SK) 
value P300/P5 are obtained and become small for 
impure crystals. 
Taking into account these facts the best cry- 
stals with respect to the superconducting proper- 
ties should be obtained from electrocrystallizo- 
tions as short as possible. This implies experi- 
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ments on small crystals. In fact, Carlson et al 9 
found the highest onset temperature of 4.98K for 
the smallest crystal they used in their experi- 
ments. In order to investigate the above facts, 
we have measured several larger crystals(3xlx 
3 
0.3 mm ) which were grown during about 14 days 
by electrochemical oxidation of BEDI-TTF at 21°C 
in the presence of n-Bu4-NAuI 2 as the supportmng 
electrolyte. Ory tetrahydrofurane was used as a 
solvent (see also ref. 11). 
In figures I-6 typical results for such cry 
stals are presented. Fig. i shows the resistivi- 
ty along the a-direction of two such crystals 
of 2 in the temperature range between 5 and 30OK. 
The measurements were done on crystals of about 
3 mm length with the standard four probe method. 
Ihe ratios P300/P5 are about 25 for sample I resp. 
160 for sample II indicating strong variations. 
Both values are small with respect to the typi- 
cal value of about 500 - i000 for the isostruc- 
rural crystals of i. 
Typical data for the temperature dependence 
of the thermopower of 2, measured along the 
a-direction are given in fig. 2. The room tempe- 
rature value is the same as for crystals of 112, 
but in contrast to this earlier result where 
in the whole temperature range for this direc- 
tion the thermopower was positive, here the 
thermopower changes from positive to negative 
values at  about 210 K and qu i te  la rge  negat ive  
va lues  are observed.  The thermopower data in  
f ig .  2 are  very  s imi la r  to  those  measurements 
of Mortensen et a113 for their crystals of i. 
We explain the difference in the thermopower 
data reported here compared to our earlier mea- 
surements on crystals of 1 with the "impurities" 
in 2. By using a two-dimensional tight binding 
model for the linear temperature dependent part 
we get here a much smaller conduction band width 
0.I eV) for 2 as we obtained for i (~0.26 eV). 
In our opinion this result is not consistent with 
the fact that these two compounds are isostruc- 
rural. 
Fig. 3 shows the low temperature  par t  o f  the 
res i s t iv i ty  o f  another  c rys ta l  o f  2 (P3OO//J 5 
250) which was measured by the Montgomery method 
a long the a- and b - -d i rec t ions .  At room tempera-  
tu re  the ratio Pa/~b - 3.3 while at i0 K thls 
value is 5.0 (for crystals of i we found a more 
or less constant value of i].3 over the whole tem- 
perature range). At 4K the resistivity decrea- 
ses strongly in both directions leading to zero 
resistivity at 3K, indicating a total supercon 
ducting transition. 
In contrast rf penetration depth-measurements 
show that the superconducting transltzon Js much 
broader. Fig. 4 shows the increase in resonance 
frequency of a LC-circuit (3 MHz) due to exc]u 
sion of the rf-fzeld by diamagnetic shzelding 
currents in the sample (a-c susceptibl]ity) by 
lowering the temperature. [he onset of supercon 
ductivity - in a similar size crystal as used ~r  
the conductivity measurements lies around 4K 
but the transition is very broad. /he signal, 
which still increases on cooling at 1.3K is ab~t 
40 °~ /o of that expected for a perfect superconduc- 
tor and indicates an inhomogenous ] -dlstrlbu- 
c 
tlon in the sample. 
Fig. 5 shows the temperature dependence of t;~ 
upper critzcal fields Hc2 for magnetic fields 
para l le l  and perpend icu la r  to  c*.  The mvestzga-  
t ions  were done on sample I I  o f  f ig .  1 by mea- 
sur ing  the res i s t iv i ty  (cur rent  f low along a- 
d i rec t ion) .  Add i t iona l ly ,  the measurements 
( - - - )  obta ined  by Car lson e ta ]  9 by r f -penet ra  
t ion  depth measurements are drawn. The c r i t i ca l ]  
f i e lds  we obta ined  by res i s t iv i ty  measurements 
are much smal le r  w i th  respect  to  the va lues  o f  
re f .  g (at  1.3K: 0.38T fo r  the magnetic f ie ld  
para l le l  to  c* and 3.2T fo r  the f ie ld  perpend i -  
cu la r  to  c* ) .  
F ig.  6 demonstrates  the magnetores i s tance  of  
the same sample as in  f ig .  5 ( in  the same d i rec -  
t ions )  at  4.2K. Very s imi la r  curves were obta i -  
ned at  1.3K wi th  the on ly  d i f fe rence  that  at  
th i s  temperature  the superconduct ing  t rans i t ion  
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FIGURE 1 
Res is t iv i ty  in a -d i rect ion  of two c rys ta l s ( I , I I )  
of 6-(BEDT-TTF)2IAuI 
was observed. The magnitude of the magnetoresi- 
stance M(B) = <R(B)-R(0)>/R(0) with a magnetic 
f ie ld  of B=7.5T along the c*-axis is about 5% 
(error ~ 1%) and perpendicular to the c*-axis 
about 2% (current flow along the a-d i rect ion) .  
Simi lar  values were observed for  crystals  of 1 
and 6-(BEDT-TTF)2IBr25. A second sample of 
with a res i s t iv i ty  ra t io  P300/P5 ~ 90 gave smal- 
le r  magneto-resistance values at 7.5 T of about 
3 % resp. 1%. This indicates that  the magneto- 
resistance at low temperature can be described 
in terms of a re laxat ion  time (T) approximation 
based on a two-d imens iona l  band p icture.  In this  
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FIGURE 2 
Thermopewer of 6-(BEDT-TTF)2IAuI in a -d i rect ion  
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FIGURE 3 
Res is t iv i ty  of 6-(BEDT-TTF)2IAuI below 1OK par~- 
le l  to the a- and b-d i rect ions 
approximation (M(B))I/2 = ")cT = eBT/mc*C with 
~C m C 
the cyclotron frequency and =~m x m v the 
cyclotron e f fec t ive  mase. This resu l t  for  2 is  
in contrast to the case of (TMTSF)2CIO 4. 
The above reported resul ts  ind icate that  in 
crystals of 6-(BEDT-TTF)2IAuI " impur i t ies"  like 
I - ,  12 and 11 a f fec t  strongly the superconducting 
propert ies.  
2.2.aEDT-TTF n i t ra tes  
The preparation and physical propert ies of 
~-(BEDT-TTF)3(N03)2(3) was reported recent ly by 
14 us By varying the concentration of the elec- 
t ro ly te  sa l t  tetrabutylammoniumnitrate in the 
THF-solution as wel l  as the dynamic condit ions 
of the electrochemical ce l l  three fur ther  phases 
could be obtained separately. While the crystals  
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FIGURE 4 
Ac-suscept ib i l i ty  of 6-(BEDT-TTF) 2IAuI (see text) 
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FIGURE 5 
Cr i t i ca l  f i e lds  Hc2 o f  6-(BEDT-TTF)2IAuI 
o f .3  have a long (up to  2 cm) p la te - l i ke  shape 
and are meta l l i c  down to  about 30K 14, c rys ta l s  o f  
B-(BEDT-TTF)a(N03)2(~) and y-(BEOT-TTF)2N03(5) 
form needles resp.  cubes and both phases are se- 
miconductors  w i th  room temperature  conduct iv i t ies  
~s300~ 10-362cm) -1 fo r  4 and ~10-1(~2cm) -1 fo r  5. 
The four th  phase ~-(BEDT-TTF)x(NO~)y cons is ts  o f  
th in  p la tes  which are meta l l i c  a t  room tempera-  
tu re ,  but no s t ruc ture  could be obta ined  yet .  
For the i ] -  and y-phases 4 and 5 the fo l low ing  
crys ta l lograph ic  data were obta ined:  4 = monoc l i -  
n ic  P21/c , a=6.529(1) ,  b=12.379(4) ,  c=28.487(11)A, 
B= 95.01(3)  °, V=2293.6 A ~, Z=2; 5 = monoc l in ic  
.P21/~, ~=30.869(32) ,  b=6.587(4) ,  ~=15.026(13)A,  
6=181.58(8) ° , V=2993 A 3, Z=4. 
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FIGURE 6 
Magnetoresistance of 6-(BEDT-TTF)2IAuI 
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FIGURE 7 
P ro jec t ion  of  the un i t  ce l l  o f  y-(BEO]-TTF)2NO-, 
para l le l  to  the a -d i rec t ion  (see text )  
£n both phases 4 and 5 the donor stacks are 
a l igned  in  sheets and the most impor tant  S . . .S  
contacts  are between ad jacent  s tacks .  As an 
example f ig .  7 shows a sect ion  of  the donor shee~ 
of  the  y -phase pro jec ted  para l le l  to  the a -d i rec -  
t ion .  In termolecu lar  S . . .S  contacts  <3.8 A are 
ind icated  by broken l ines .  Both phases 4 and 5 
have d i f fe rent  over lap -pat terns  whereby one over-  
lap i s  remarkable  because the long molecu lar  axes 
are not para l le l .  There fore  both phases 4 and 5 
have semiconduct ing proper t ies .  
The fac t  that  up to  now four  d i f fe rent  n i t ra~ 
phases of  BEDT-TTF could be obta ined  demonst ra t~ 
again that  many molecu lar  arrangements o f  th i s  
donor in  the c rys ta l  l a t t i ce  are poss ib le .  
2.3.  DZMET rad ica l  ca t ion  sa l t s  
An even la rger  var ie ty  o f  mo lecu la r  a r range-  
ments seems to  appear in  c rys ta l s  o f  the unsym- 
metr i ca l  donor DIMET 15'16.  This new donor was 
e lec t rocrys ta l l i zed  in  d i f fe rent  so lvents  using 
te t rabuty lammonium-sa l t s  of  var ious  anions l i ke  
Cl04, Re04, NO3, I3,  ,IAuD, PF6, AsF6 and SbF6 as 
e lec t ro ly tes .  With a l l  anions rad ica l  sa l t s  were 
obta ined  and severa l  o f  them showed meta l l i c  p ro  
15 per t ies  at  room temperature  . The on ly  problem 
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FIGURE 8 
Pro ject ion of the un i t  ce l l  of (DIME~CIO 4 along 
the a -d i rec t ion  
in the e lec t rocrys ta l l i za t ion  is  that  solvent 
molecules are eas i ly  incorporated on f ixed po- 
s i t ions  in to  the c rys ta ls .  In order to prevent 
th i s  incorporat ion  of solvent molecules we pre- 
pared rad ica l  sa l ts  from a solvent which does 
not f i t  in to  the la t t i ces  ( t r i ch lo re thane)  and 
obtained a new type of s t ructure .  Instead of the 
rad ica l  sa l t  (DIMET)2CIO4xTHF we obtained now 
crysta ls  of(DIMET)2CI04(6). The c rys ta ls  of 6 
have the fo l lowing  data: t r i c l in i c  P1, a=7.000(2), 
b=7.824(3), c=27.010(14)A, ~=88.10(4),~=89.02(4), 
y=74.58(3) °, V=1425A 3 and Z=2. As a very un- 
usual feature in organic rad ica l  sa l ts  two donor 
species are arranged to c rys ta l lograph ica l ly  in -  
equivalent stacks running pra l le l  to a and b as 
can be seen from a pro ject ion  along a in f ig .  8. 
The stacks are arranged side by side perpendicu- 
la r ly  to the long molecular axes forming sheet- 
l i ke  arrangements. Due to short  in ters tack  S...S 
contacts th i s  leads to a more or less two-dimen- 
s ional  character w i th in  each sheet. Due to the 
moreor less perpendicular arrangement of the 
sheets the crysta ls  show a threedimensional  con- 
ducting behaviour. Further c rys ta l lograph ic  de- 
ta i l s  17 as wel l  as physical  propert ies  w i l l  be 
reported seperately.  
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